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Chapter 7 

ENVIRONMENTAL CONSIDERATIONS 
IN 

CHANNEL DESIGN, INSTALLATION, AND MAINTENANCE 

Introduction 

A channel improvement project causes a change in the surrounding 
environment* The change may be abrupt or gradual; localized or broader 
in impact; biological, social, or cultural in nature. Whatever the changes 
they be recognized and considered in arriving a t  the decision 
to a channel. The optimum channel improvement project is 
one that is based upon a careful assessment of the functional demands 
of the ~ r o j e c t ,  the needs for protection and enhancement of affected 
resourcest and a justification that considers environmental and economic 

values. 

The information presented here provides guidance for the proper recognition, 
and enhancement of the affected fish, wildlife and recreation 

factors, during the planning, design, inst all a t  ion, and maintenance 
of channel projects. 

The decision to develop a channel project will be made only after careful 
consideration of the impact of the project upon the environment. 
Once the decision has been made that a channel project is necessary, 
i t  is then equally important that the channel designer, builder, and 
those responsible for maintenance recognize the environmental factors 
that may be affected by the project. All those involved must know 
the techniques and measures available to protect and enhance these 
environmental values. This is the primary purpose for the material 
that follows* 

Fish, ~ i l d l i f e  and recreation factors are listed and described. Addi- 
tional factors will need to be identified in local areas. The factors 
have not been rated or priorities assigned. This is the job of the appropriate 

i.e., engineer, biologist, forester, agronomist, range conserva- 
tionist, geologist, recreation specialist, landscape architect, naturalist, 
.tc. The development of the design requires a joint effort by all the 
concerned disciplines and the sponsors of the project. The final product 
then will result in minimized detrimental effects and, when possible, 
in the enhancement of some of the factors. There may be occasions 
when the decision to install a channel project may have to be reconsidered 
after d l  the factors are carefully evaluated. 

The techniques and measures are presented to provide guidance in 
the development of the project in a manner that will protect or enhance the 



environmental factors identified as being affected by the project. These 
techniques and measures are not criteria. The features or factors under 
consideration in a given area generally will dictate the criteria for 
the project, The designer, builder, and those responsible for maintenance 
in their use of the various techniques and measures must constantly 
be aware of the functional, economical and environmental aspects of 
the project. 

The functional and economic aspects of a project cannot be separated 
from the environmental aspects. Drainage, flooding, vector and phrea- 
tophyte problems, and the economical aspects related to these problems, 
also are critical "environmental factors." They must be given consid- 
eration a t  the time the decision is made on the need for a channel. 

A. Wildlife Resources 

The fundamental needs of wildlife are food, cover, and water. 
Food is needed at all seasons of the year, but the types of food 
vary between seasons. Spring nesting and winter escape cover 
are critical items for most species. Seldom can a wildlife species 
find i ts  needs in a single vegetative type. Thus, a mixing or inter- 
spersion of vegetative types is important within the daily cruising 
range of a particular species. One or more important elements 
of wildlife habitat always are found along or adjacent to streams. 
Frequently, critical woody cover is present next to the stream. 

The needs for food, cover, and water vary depending upon the species. 
Guidelines for meeting these needs should be established by States 
or areas. (See Appendix D. for sample.) 

B. Fish Resources* 

1. Water quality is a limiting factor for fish production. The 
individual States have established water quality standards 
in line with national guidelines. The following items affect 
fish species suitability, production, and survival. 

a. Temperature is an important physical factor. Summer 
0 

water temperatures commonly vary as much as 10 in 
a 24-hour period. In eneral, summer temperatures should 

0 5 be between 50 to 70 for cold-water species. Egg hatching 
0 

success is best for trout between 45' to 55 . Warm-water 
0 0 

species need summer temperatures between 70 to  90 . 
Removal of shade tends to raise water temperatures while 
the maintenance of vegetation for shade may keep the 
water cooler. Water temperature is raised when velocity 
and depth are reduced. Water temperature may be affected 
by release of water from upstream impoundments. 

* See Appendices B and C for Fish Stream Investigation Guides. 



b. Turbidity caused by inorganic material, such as  clay, is 
detrimental to  fish production. Such material destroys 
spawning areas by sedimentation and reducing growth 
of bottom organisms. Adult fish generally can withstand 
high levels of turbidity for short periods of time, but pro- 
longed exposure may cause mortality. 

It  is reported that turbidity as high as 245 mg/L is not 
harmful to  fish. In fact,  fish thrive in water with turbidities 
that range over 400 mg/L and average 200 mg/L. Turbidities 
of 3,000 mg/L are considered dangerous to  fish when main- 
tained over a 10-day period. Trout eggs were destroyed 
with 2,000 mg/L turbidity for six days. Symptoms of 
fish stress appear as turbidity approaches 20,000 mg/L; 
death between 50,000 and 200,000 mg/L. At turbidities 
causing death, the opercular cavities were found to be 
matted with soil and the gills bad a layer of soil in them. 

c. Oxygen requirements for subsidence of fingerling and 
adult salmon and trout are about 6 p.p.m. dissolved oxygen. - - 
Incubating eggs require a minimum -0; 8 p.p.m. Warm- 
water species require about 3 p.p.m. Water a t  or near 
oxygen saturation, for its temperature and elevation, 
is always satisfactory. Oxygen is put into water by direct 
absorption from the atmosphere, photosynthesis of growing 
plants, and by tumbling action of stream or waterfalls 
and turbulence generated at drop inlets or drop spillways. 
Turbidity, reduced flow, and non-tumbling action reduce 
oxygen. 

d. Carbon dioxide is another of the basic factors determining 
productivity of waters. It is necessary in photosynthesis 
and for keeping minerals, such as calcium, in solution. 
High carbon dioxide levels reduce the ability of fish to  
take up oxygen and to dispose of carbon dioxide from 
the body. Concentrations of carbon dioxide should be 
kept below 25 p.p.m. 

Carbon dioxide is put in water by direct absorption from 
the  atmosphere, decomposing organic matter, and respira- 
tion of plants and animals. It is removed by photosynthesis, 
agitation of water, evaporation, and rise of bubbles from 
depths. 

e. pH is a measure of the acid intensity in water. The scale 
of reading is from 0 to  14. Optimum fish production lies 
between 6.5 and 8.5. Values below 5 and above 9 affect 
the .ability of fish to take oxygen from the water source. 
Water pH is changed if an acid layer of soil is exposed 
in stream bottom or sides. 



2. These stream channel features affect  fish production, species 
suitability, and survival. 

a. Bottom Material - The bottom material of a stream is 
important from the standpoint of food production and 
natural spawning. The following yield in grams of food 
per square foot in terms of different stream bottom m 
materials has been recorded: silt - 3.07; cobble - 2.47; 
coarse gravel - 1.51; fine gravel - 0.93; and sand - 0.1. 

Coarse and fine gravel beds in riffles are best for trout 
t o  deposit their spawn successfully. Most warm-water 
fish spawn in sand or silt beds in water less than 3 feet  
deep and with little or no current. 

b. Water Types 

Riffle - Section of stream containing gravel and/or 
rubble, in which surface water is a t  least slightly 
turbulent and current is swift enough that the  surface 
of the gravel and cobble is kept fairly f ree  from 
sand and silt. 

Riffles are essential for trout spawning and food 
production. Riffles should occur a t  intervals equal 
to  every 5 to  7 channel widths. The current in the 
riffle should be swift enough to carry away sediment. 
The bed material in riffles should be larger than 
in pools so as to  provide for  aeration of the water. 
A water depth of 6 inches is desirable. 

1 / Pool- - Section of stream deeper and usually wider - 
than normal with appreciably slower current than 
immediate upstream or downstream areas and possess- 
ing adequate cover (sheer depth or physical condition) 
for protection of fish. Stream bottom usually is 
a mixture of silt and coarse sand. 

Pools are valuable as resting and refuge areas. 
Some surface feeding also is done. 

~ l a t y  - Section of stream with current too slow - 
t o  be classed as riffle and too shallow t o  be classed 
as a pool. Stream bottom usually composed of sand 
and finer materials with coarse cobbles, boulders, 
or bedrock occasionally evident. 

Cascades or Bedrock - Section of stream without 
pools, the bottom consisting primarily of bedrock 
with l i t t le  cobble, gravel, or other such material 
present. Current usually faster than in riffles. 

Warm-water streams normally contain only these water types. 



c. Stream Side Vegetation - This item pertains to the relation 
of vegetation to stream shade and fish shelter. Low 
shrubs and grasses provide shade for small streams, but 
do not over-shade them. Such vegetation does not clog 
streams by falling in the water, and i t  provides hiding 
cover for fish if allowed to hang over the bank into the 
water. 

Trees are necessary for shade along streams over 30 
feet wide since low shrubs and grasses shade only a small 
portion of this width. 

An ideal situation, along small streams, is enough trees 
for aesthetic purposes and low shrubs and grasses providing 
shade and cover. Along large streams, trees for about 
40 percent of the stream length, on both sides should 
be present. There probably are situations where the 
presence of trees well back from the water's edge furnishes 
shade almost as good as comparable ones closer to the 
stream. This would be true especially on the east side 
of north-south flowing stream and the south side of east- 
west streams. 

d. Velocities - Tolerable water velocity for fish is governed 
by several factors, chiefly, by the species of fish, size 
of fish, and the distance and frequency of resting areas. 
Boulders, pools, deflectors, etc. provide resting areas. 

C. Recreation Resources 

There are numerous opportunities for recreation along and in 
channels. Many of these opportunities have been discussed under 
the heading of wildlife, fish, or aesthetic resources. 

For optimum use a recreation resource must satisfy several key 
factors: 

Proximity - All recreation activities are distance-related 
with respect to the user's home. Generally the greater the 
population within a 50-mile radius (or an hour's drive), the 
more the area may be used. 

Access - The public road system needs to provide access 
to the potential recreation resource. The degree of access 
of the area can be gauged by determining the portion that 
is within one mile of an all weather road. Again, the greater 
the degree of access the more likely the recreation area 
will be used. 
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3. 

Specific 

Ownership - The ownership and land-use pattern of the area 
have a bearing on the potentials for developing recreation 
opportunities. The area must be of sufficient size to support 
a public recreation activity. The landowner must be interested. 
The area will have to  be accessible to the public for heavy 
use. Sometimes the resource will be used by the landowner 
and his family. 

factors for each activity are: 

Fishing - Stream fishing has a special quality for some fisherman. 
All of the environmental factors listed under "Fish Resources" 
are essential if fishing opportunities are to be provided. 

Many factors besides the abundance of fish and accessibility enter 
into stream fishing quality. The unique scenic setting, sounds 
of nature, the sight of a riffle or pool, the wooded reach, the 
open meadow, and overall diversity of a landscape a e  qualities 
appreciated by the stream fisherman and enjoyed by many others. 
Streams that a re  partially brush and t ree  lined offer the fisherman 
the opportunity to  exercise his skill. 

Hunting - Hunting opportunities of ten are enhanced by the presence 
of streams or channels. In some localities the vegetative cover 
along channels (brush and trees) provides the onlfcover available 
for hunting. The brush and trees provide, for some species, the 
only avenues for hunting, escape cover from predators, or the 
opportunity for protected movement. The grasses and legumes 
provide the essential nesting cover required for ample populations. 
All of the environmental factors already described under "Wildlife 
Resources" are essential i f  the hunting opportunity is to be established. 

The combination of food, cover, and water enhances the opportunities 
for hunting success. 

Channels and the accompaning marshes offer opportunities to 
hunt many species of waterfowl, rail, and woodcock. In some 
areas they provide the only habitat for these species. 

Swimming - Swimming in streams and channels is an activity 
practiced in many parts of the country, particularly if ponds and 
lakes are relatively scarce. Desirable environmental factors are 
good water quality, pH between 6.5 and 8.3, coliform count below 
800, clear water with minimum in flow of 650 gallons of water 
per bather per day (number of bathers 1,000 = inflow cfs). State 
regulations may require higher standards. Shade and desirable 
soils (sands) will enhance the desirability of the area. 

Stream "pools" may be developed fully with all facilities (bathhouse, 
beach, etc.) present or they may be simply the local swimming 
"hole." 



Depth should be a t  least 5 feet, greater if diving is permitted. 
The shore line should have a slope of less than 10 percent, 2-4 
percent is best. 

4. Boating and Canoeing - Boating streams should be a t  least 2 feet 
deep for rowboats or 3 feet for boats with outboard motors. A 
good width is a t  least 2-1/2 times the length of boat allowed. 
Narrower streams, however, can be utilized. Stream channels 
with minimum depths must be free of obstructions. 

Canoeing streams may have depths as shallow as 6 inches for 
short stretches or 18 inches for a major portion. Canoeists are 
not adverse to  portaging (carrying) for short stretches where water 
is too shallow. Good widths are 17 feet,  but widths of 6 feet are 
acceptable. Some authorities recommend an average flow of 
100 cfs in order to  be suitable but this is dependent upon depth, 
width, and gradient. While many canoeing streams have white 
water and pools in combination, flat water streams a t t rac t  thousands 
of users for canoeing and boating alike. 

5. Hiking and Walking - Many of the same characteristics that enhance 
a canoeing or boating stream are desirable for hiking along a stream. 
Cascades, riffles, white water and pools, shrubs and trees with 
a variety of color and shape add to the aesthetic value. 

Over-water walkways and bridges which permit extensive observation 
are interesting features. A trail should be approximately 4 feet 
in width, sufficient to allow two people to walk side by side. 
A grade of 10 percent or less is recommended. 

6. Painting and Photography - The thousands of photographs and' 
paintings depicting landscape scenes with streams at test  to man's 
interest in viewing his environment. Natural curves, a variety 
of landscapes, water courses meandering through a variety of 
vegetative types and vistas all provide professional and amateur 
artists with ample subject matter. 

7. Camping - The environmental factors previously discussed may 
be used as guides. Vacation camping may be a profitable recreation 
activity if  other recreation opportunities (fishing, swimming, 
boating, etc.) also are available. Transient campground may be 
feasible without these activities if the size is within 3 miles of 
a major highway. In either case the necessary land area is 10- 
15 acres. Soils in the area should be suitable for septic tanks 
and roads. An adequate potable water supply should be available. 
Characteristics that limit an area's usefulness for camp sites 
are susceptibility to flooding, impermeable hardpan layers, shallow 
soil over bedrock, restrictions t o  natural drainage, erosion hazard, 
and inability t o  support and sustain vegetative cover. Slopes should 
be less than 15 percent, preferably less than 8 percent. 



Botanizing - On occasion, an area adjacent to a water course 
may be of particular interest to botanists and other nature lovers. 
The species of plants may, but need not be, of rare or exotic nature. 

Bird - The environmental factors discussed under "Wildlife 
Resourcesn should be used in determining whether the opportunities 
for bird-watching exists. The thousands of birdwatchers in the 
country often visit water courses during their bird counts. In 
some areas the plant species may compose a specialized habitat 
for a particular species of bird. Fields of one crop reduce the 
number and species using the area. The shrubs and trees bordering 
a channel have added value in crop areas. Landscape variations 
are much more attractive to songbirds than areas of a single crop. 

Specimen Collecting - Artifacts from cache pits or Indian mounds, 
fossils, decorative rocks, or desirable mineral specimens are of 
interest to a number of people, institutions, and agencies. 
Collectors also may find driftwood, burntwood, and tree roots 
of value or interest. 

A guide for evaluating channels for general recreation development 
is included in Appendix A. See Fig. 1 

Protection and Enhancement Techniques and Measures 

Design 

1. Alignment, Capacity, and Grade - Channels generally will 
follow existing alignment except where stability, environmental, 
or cost factors clearly dictate an alternative course. For 
instance, a section of the channel or floodway may be relocated 
in order to bypass important fish or wildlife habitat. 

Natural streams and constructed channels need to  convey 
water discharges of all magnitudes from base flow through 
floodflow without significant damage to  the channel or to 
fish habitat. In order to protect a desirable existing stream 
channel, higher frequency floodf lows could be carried out 
of banks or on a separate alignment. As the floodflow channel 
would be dry most of the time, i t  could be designed to include 
farming or reforestation within the right of way. 

Water often is used as a receiving medium for various waste 
discharges and yet its quality must be maintained so that 
i t  is suitable for instream recreational uses as well as out 
of stream needs for municipal water supply, irrigation, cooling, 
washing, and dilution. Reservoir releases of stored water 
can provide low flow augmentation to prevent waste discharges 
from exceeding acceptable concentrations and to provide 
recreation and fish habitat water requirements. Oxbow and 
wetland flood storage, with controlled releases, also can 
be used for this purpose. 





Sediment loads delivered to the channel by tributary streams 
or other sources need to be controlled as part of the overall 
design. A stable channel has a limited sediment carrying 
capacity and downstream uses of the water may necessitate 
further limitation of sediment load. Sediment traps may 
be needed at delivery points or at intermediate points along 
the channel to provide the required water quality and stability. 

In certain reaches, the channel slope may need to be flattened 
to obtain stability in highly erosive soils or can be steepened 
to make maximum use of erosion resistant soils. Where gravel 
armoring or riprap is needed, or just available, full use should 
be made of its ability to  withstand higher velocities. The 
channel slope variations and rock protection will allow for 
the inclusion of pools and riffles and also provide control 
of meander development. 

2. Channel Section - The low flow channel cross section should 
approach a natural stream condition. (Figure 2) The side 
slopes and bottom width can be allowed to vary to take advantage 
of existing conditions. Where possible, the side slope on the 
outside of the channel curve could be steepened and the side 
slope on the inside of the channel curve flattened to duplicate 
a naturally developed sinuous waterway. Use the onsite large 
boulders in riprap sections or at selected points for fish habitat 
development. Large slab rocks or boulders can be used to 
create near vertical banks and on trout streams for wing 
deflectors and bank cover devices to improve the fishing 
potential. (Figure 3) The channel bottom width can be varied 
in conjunction with the bed slope to aid in the development 
of deep pools, cascades, low velocity sections, and sections 
of high velocity rips that would simulate natural conditions 
and also take advantage of localized variations of in-bank 
capacity and stability. Width restrictions also could be satisfied 
in this manner. 

Figure 4 shows the cross sections, meander pattern, bed 
contours, and bottom profile that can develop in a natural 
stream. The meander parameters shown are average values 
but could be used for preliminary proportioning and alignment 
of a constructed channel. Other factors, such a s  discharge, 
character and amount of bed load, general valley slope and 
the resistance of bed and banks to erosion, also need to be 
considered to develop the final layout. 

3. Spoil Placement - Channel excavation spoil should be utilized 
in a manner most appropriate for the controlling reach conditions. 
In general, excavated materials should be placed so as to 
reduce to a minimum the required clearing and disturbed 
areas and to provide wildlife habitat. (Figure 5) The template 
sections shown on the drawings and the specifications should 
provide guidance as to typical sections, approved spoil disposal 
methods, maintenance limits and construction limits. 



Water Control Structure 
For Seasonal Impoundment 

Excavate One Side Only 
To Flood Flow Grade 

PLAN O F  DEVELOPMENT 

Excavate One Side Only 
To Normal Flow Grade 

Cross Section 6-B 

ONE-SIDED CONSTRUCTION FOR ADJACENT STREAM CHANNEL & FLOOD FLOW CHANNEL 

poi l 

Cross Section A-A 

UNDISTURBED STREAM CHANNEL & SEPARATE FLOOD FLOW CHANNEL 

Figure 2 SEPARATE LOW FLOW AND FLOOD FLOW CHANNELS 



Figure 3 FISH HABITAT DEVELOPMENT 



-Tvnical bed contours 

Thalwee (a) Typical meander pattern 

Outside 
of curve 

of curve 

I current 

(b) Section A-A (c) Typical section of straight 
channel, or crossover B-B 

Riffle 

(d) Pool-and-riffle formation (VERTICAL MEANDER PATTERN) 

(e) Concealed meander pattern in a straight channel 

r c  = radius of  curvature in Thalweg 
APPROXIMATE 
MEANDER - -  - 7 T O I l  
PARAMETERS 

c = 2 ~ 0 3  B 

Figure 4 NATURAL CHANNEL - MEANDER PATTERNS WITH POOL AND R I F F L E  DEVELOPMENT 



Figure 5 SPOIL BANK DEVELOPMENT FOR WILDLIFE HABITAT 



4. Structural Measures - Channels with flat enough gradients 
so that stability is not a design problem could, if desirable, 
be laid out in pond-riffle-pool manner. The additional grade 
provided by ponding would allow the inclusion of a series 
of riffles and pools that could add to the fish habitat. See Figure 6. 

5. Vegetation 

a. Wildlife habitat seedings and plantings can be used outside 
the channel section, on the spoil sections or in odd corners 
of suitable size where the wildlife potential can be enhanced 
and the disturbed areas stabilized. Wildlife habitat mitigation 
areas, when included, and the normal habitat seedings 
can be laid out in discontinuous blocks, irregularly sized 
to  provide a maximum of edges. 

b. Recreation areas could be selected for special treatment 
that would greatly add to the utility of the project. 
Functional planting can be used to screen noise and direct 
pedestrian traffic. 

Figure 1 shows some examples of activity areas that 
might be included along a channel. A hiking, cycling, 
or bridle trail along the berm, or stream side fishing 
supplemented with a few picnic tables for the rest of 
the family. A dike to preserve a marsh enhanced by 
a wildlife planting. A swimming "hole" for light use 
or a wading pool in a suburban development. "Green" 
areas through suburban areas can be developed into play- 
grounds or neighborhood parks. Long channels with 
sufficient depth may be used for canoeing. 





APPENDIX A 

Evalua t ing  Channels f o r  Recrea t ion  Developments 

A copy of t h e  c h a r t  and work s h e e t  used i n  t h i s  approach follow. The 
use  of t h i s  approach r e q u i r e s  a cursory  o n - s i t e  i nves t iga t ion .  Rat ings  
a r e  determined on t h e  b a s i s  of judgment and es t imat ions .  

It should be noted t h a t  t h i s  eva lua t ion  is f o r  a "general" r e c r e a t i o n  
development. Evalua t ion  of a s i t e  f o r  s p e c i f i c  r e c r e a t i o n  a c t i v i t i e s  
e n t a i l s  cons ide ra t ion  of many a d d i t i o n a l  key elements o r  a change i n  
t h e  c r i t e r i a  a l r eady  out l ined .  Water flow c r i t e r i a ,  f o r  example, would 
be d i f f e r e n t  i f  swimming, canoeing, o r  h ik ing  were t h e  s p e c i f i c  a c t i v i -  
t i e s  under cons idera t ion ,  Addi t iona l  key elements ,  such a s  length  of 
channel,  s i z e  of ad jacent  land a r e a ,  width of ad j acen t  land a rea ,  s o i l s ,  
depth of water  a r e  some a d d i t i o n a l  key elements r equ i r ed  f o r  s p e c i f i c  
a c t i v i t i e s .  Recrea t ion  developments should be planned t o  preserve  and 
i n t e n s i f y  t h e  landscape charac te r .  Planning should n o t  introduce a 
d i s tu rb ing ,  inharmonious i t e m  i n t o  t h e  landscape,  whether i t  i s  a 
f a c i l i t y  o r  an  a c t i v i t y .  The planner  should ensure  t h a t  the  planned 
p r o j e c t  comprises a complex of func t ions  r e l a t e d  t o  t he  b e s t  f e a t u r e s  
of t he  s i t e .  For t h i s  reason,  eva lua t ion  and planning f o r  s p e c i f i c  
r e c r e a t i o n  a c t i v i t i e s  should be undertaken by t h e  appropr ia te  s p e c i a l -  
i s t .  
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Appendix A 

EVALUATING CHANNELS AND ADJACENT AREAS 

Key Elements 

Water Qua1 i t y  

Aes the t i c s  
( v i s t a ,  n a t u r a l  
a t t r a c t i o n s  near -  
by, v i s u a l  appear 
ance of channel)  

Water Flow 

Adjacent Land 
F lo ra  

Distance From 
Users 

Distance t o  
Surf aced Road 

Width of Channel 
a t  Normal Water 
Sur face 

P ormul a f(Mx 

FOR 'RECREATION DEVELOPMENTS 

[ulti- 
11 i e r  

M - 
4* 

4;'; 

4* 

3 

3 

2 

2 

F-5  
Maximum Poss ib l e  Score 

High P o t e n t i a l  
Medium P o t e n t i a l  
Low P o t e n t i a l  

High 

No p o l l u t i o n  
c o l i  count 
below 200 

Excel lent  

L i t t l e  
v a r i a t i o n  
with 
r i f f l e s  and 
pools 

Wooded or 
open wi th  
12" t r e e s  
forming a 
10-20% 
canopy 

Under 112 
H r  . 
Under 3 

miles  

3 

ph 6.5-8.3 
c o l i  count 
200=600/100 
m l  

Good 

L i t t l e  
v a r i a t i o n  

Open with 
grass  and 
small  
t r e e s  form- 
ing a 10- 
20% canopy 

112-3/4 H r .  

3-5 mi l e s  

F a i r  
2 

ph 8.3-9 
o r  5-6.5 
c o l i  corn 
600=800/ 
100 m l  

F a i r  

I n t e r -  
m i t t e n t  

Open 
with 
g ra s s  
and 
brush 

314-1 H r  

5-10 
mi les  

6-10' 

- 
Poor 

ph 9 4- o r  
5 - c o l i  
count 
800 +/ loo 
m l  

Poor 

Lacking 
s u f f i c i e n t  
flow dur ing  
primary use 
per iod  

Open - 
gras s  only 

Over 1 H r .  

Over 10 
mi l e s  

6 '  - 

I f  any key element with a m u l t i p l i e r  of 4 i s  r a t e d  a s  "Poor" ( I )  t h a t  
element must be considered l i m i t i n g .  Fu r the r  cons idera t ion  of o the r  
key elements i s  unnecessary. The a rea  i s  gene ra l ly  considered unsu i t -  
ab l e  f o r  r e c r e a t i o n  development. 



7- 19 
Appendix A 

SAMPLE WORKSHEET 

EVALUATING CJ3ANNELS AND ADJACENT AREAS 
FOR RECREATION DEVELOPMENTS 

S t a t e  County Township 

River Basin Watershed 

Location o r  Job No. 

Key Elements 

Water Q u a l i ~ y  * 
Aes the t i c s  * 
Water Flow 

Adjacent Land F l o r a  

Distance Prom Users 

Distance t o  Surfaced Road 

Width of Channel a t  

Normal Water Surf ace 

Maximum P o s s i b l e  Score 

High P o t e n t i a l  
Medium P o t e n t i a l  
Low P o t e n t i a l  

2 X - - 

T o t a l  Score 

88 

67 - 88 
45 - 66 
22 - 44 

* If any key element with a m u l t i p l i e r  of -4 is  r a t e d  a s  "Poor" (1) t h a t  
element must be considered l imi t ing .  Fu r the r  cons idera t ion  of other 
key elements i s  unnecessary. The a r e a  is  gene ra l ly  considered un- 
s u i t a b l e  f o r  r e c r e a t i o n  development. 
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Sample 
F i sh  Stream Inves t iga t ion  Guide 

In t roduct ion  

This  guide provides a sys temat ic  approach t o  f i sh  stream inves t iga -  
t ion .  

Ten stream f e a t u r e s  a r e  used t o  o b t a i n  a b i o l o g i c a l  r a t i n g  and s i x  
use f a c t o r s  a r e  used t o  o b t a i n  a use r a t i n g ,  

Each stream f e a t u r e  is recorded and r a t e d  on a f i e l d  work shee t ,  
us ing  predetermined c r i t e r i a .  The t e n  f ea tu re s  have been assigned 
importance f a c t o r s  based on t h e i r  ind iv idua l  importance t o  t he  t o t a l  
s t ream cha rac t e r .  The f i n a l  r a t i n g  is  weighted average of t h e  ind iv id -  
u a l  stream fea tu re s .  

The use r a t i n g  is a judgment based on s i x  items r e l a t e d  t o  f i sh ing ,  

I n s t r u c t  ions 

Headinq - Show watershed, major water courses ,  and i m ~ o r t a n t  t r i b u t a -  
r ies . 
Bio log ica l  Inves t iga t ion  

1. Designated Reaches - The appra i se r  should d iv ide  the  s t ream i n t o  
reaches from mouth t o  upper l i m i t .  The two designated p o i n t s  
s e t t i n g  t h e  l i m i t s  of each reach should be e a s i l y  i d e n t i f i a b l e  on 
the  gnound by designated roads ,  n a t u r a l  markers,  o r  po in t s  s e l e c t e d  
due t o  some phys ica l  land o r  scream c h a r a c t e r i s t i c .  (No r a t i n g )  

Length - The length  must be measured i n  f e e t .  (No  r a t i n g )  

a. Average width ( f t . )  i s  measured a t  normal flow o r  depth. 
Imporrance f a c t o r  of 2. 
Rat ing  - 1 po in t  f o r  each f o o t  of average width. (Maximum 10) 

b. The acreage of t h e  stream is  ca l cu la t ed  by mul t ip ly ing  t h e  
l eng th  ( f t . )  by average width ( f t .  ) and d iv id ing  by 43560. 
Importance f a c t o r  of 3. 
Rat ing  - 3 po in t s  f o r  112 a c r e  o r  l e s s  (warm water - 1 a c r e  

o r  l e s s  ) 
3-5 p o i n t s  f o r  112 ac re  t o  1 ac re  (warm water - 
1 - 2  acres )  
6-10 p o i n t s  f o r  1 ac re  p lus  (warm water -'2 ac re s  
p lus )  



7-21 
Appendix B 

( Inc rease  o r  decrease one po in t  f o r  each 114 ac re )  (warm water 
- 112 a c r e )  

c. Flow - Constant  flow i s  year- long and i n t e r m i t t e n t  only a por- 
t i o n  of a year. 
Importance f a c t o r  of 10. 
Rat ing  - I n t e r m i t t e n t  flow 

2 po in t s  base score.  Sub t r ac t  1 p o i n t  f o r  each 15-day 
period (o r  f r a c t i o n  the reo f )  without  flow. 

Constant flow 
2 po in t s  base score.  (Maximum 10) 

Cold - Add 1 p o i n t  f o r  each 1 inch of average flow - 
depth i n  r i f f l e .  

Warm - Add 2 p o i n t s  f o r  each 5 inches average flow 
depth i n  r i f f l e .  

2. Water chemistry is  measured i n  p a r t s  per  mi l l i on .  Temperature i s  
recorded i n  degrees F. 

Water chemistry i s  a l i m i t i n g  f a c t o r  and over r ides  a l l  o the r  f a c t o r s  
i f  any q u a l i t y  condi t ion  f a l l s  ou t s ide  f i s h  requirements.  

3. The pool r i f f l e  r a t i o  is  c a l c u l a t e d  by determining the  f e e t  o f  each 
reach i n  r i f f l e s ,  pools,  f l a t s ,  and cascades o r  bedrock and ca l cu -  
l a t i n g  t h e  percent  of t o t a l  length.  These are def ined  a s  fol lows:  

R i f f l e  - Sec t ion  of stream conta in ing  g rave l  and/or rubble ,  i n  which 
su r f ace  water  is  a t  l e a s t  s l i g h t l y  t u rbu len t  and c u r r e n t  i s  s w i f t  
enough t h a t  t h e  su r f ace  of t h e  grave l  and rubble  i s  kep t  f a i r l y  f r e e  
from sand and s i l t .  (Disregard bottom m a t e r i a l  f o r  warm water stream.) 

Pool - Sec t ion  of s t ream deeper and usua l ly  wider than normal wi th  - 
apprec iab ly  slower c u r r e n t  than  immediate upstream o r  downstream 
areas  and possess ing  adequate cover (sheer  depth o r  phys ica l  con-. 
d i t i o n )  f o r  p r o t e c t i o n  of f i sh .  Stream bottom u s u a l l y  a mixture of 
s i l t  and coa r se  sand. 

F l a t  - S e c t i o n  of s t ream wi th  c u r r e n t  too slow t o  be c l a s sed  a s  - 
r i f f l e  and too  shallow t o  be .c lassed a s  a pool. Stream bottom 
usua l ly  composed of sand o r  f i n e r  m a t e r i a l s ,  with coarse rubble ,  
boulders ,  or  bedrock occas iona l ly  evident .  

Cascades or Bedrock - Sec t ion  of stream without  pools,  c o n s i s t i n g  
p r imar i ly  of bedrock wi th  l i t t l e  rubble ,  g rave l ,  o r  o ther  such 
m a t e r i a l  p resent .  Current  u sua l ly  more s w i f t  than  i n  r i f f l e s .  

The sums of a ,  b ,  c ,  and d should equal  100 percent .  

Importance f a c t o r  of 10. 
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Rat ing  - (Consider q u a l i t y  of pools and r i f f l e s  f o r  i n -  
group r a t i n g .  ) 

8-10 i f  p o o l - r i f f l e  r a t i o  i s  a t  l e a s t  35 percent  
pools and 35 percent  r i f f l e s .  

4-8 i f  l e s s  than  35 percent  of s t ream i s  i n  pools 
and 35 percent  o r  more i s  r i f f l e s  or i f  more 
than 35 percent  is i n  pools and 35 percent  o r  
l e s s  i s  i n  r i f f l e s .  

1-3 i f  l e s s  than 35 percent  i n  pools and l e s s  than 
35 percent  i n  r i f f l e s  (Must be i n  t h i s  range 
i f  i n t e r m i t t e n t  flow.) 

The water source - Place a check mark t o  i n d i c a t e  water sources 
f o r  each reach. Number of sources probably w i l l  decrease a s  
one progresses  upstream. 

Importance f a c t o r  of 5. 
I f  source i s  spr ings  and seeps r a t e  10. 
I f  source i s  runoff  drainage r a t e  3. 
I f  source i s  lakes  or  ponds r a t e  2. 
Any combination - 5. 

Dominant vege ta t ion  - This item p e r t a i n s  t o  the  r e l a t i o n  of 
vege ta t ion  t o  stream shade and f i s h  s h e l t e r ,  no t  w i l d l i f e  
h a b i t a t .  Record i n  f e e t  f o r  r i g h t  and l e f t  bank. 

Importance f a c t o r  of 5. 
Rate each s i d e  independently and average r a t ing .  
For each reach and t o t a l  s t ream length  award 2 po in t s  f o r  each 
10 percent  of  t r e e  and shrub type. (Maximum 10) 

Turb id i ty  - Express a s  c l e a r  i f  bottom i s  d i s t i n c t l y  seen 
through 4 o r  more f e e t  of water ,  s l i g h t l y  t u r b i d  i f  bottom 
can be seen  a t  from 1- t o  4- foot  depth, and t u r b i d  i f  bottom 
i s  only v i s i b l e  a t  l e s s  than 1 foot .  ( I f  o rganic  s t a i n  of 
f e r t i l i t y  prevents  a p p r a i s a l  of t h i s  item, so  note  and d i s -  
regard  t h i s  item.) 

Importance f a c t o r  of 5. 

Rat ing  - Clea r  10. 
S l i g h t l y  Turbid 5 .  
Turbid 1. 

Sediment - This item r e f l e c t s  t he  amount of sediment depos i t s  
v i s i b l e  i n  the  stream bottom. Sediment inf luences  p o o l - r i f f l e  
r a t i o ,  width,  acreage, t u r b i d i t y  and poss ib ly  o the r  f a c t o r s .  
Therefore,  it i s  f e l t  t he  r a t i n g  of t hese  items w i l l  r e f l e c t  
t he  e f f e c t  of sediment. (No r a t i n g )  
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8. Check a l l  v i s i b l e  o r  d e t e c t a b l e  sources of p o l l u t i o n ,  inc luding  
s i l t a t i o n ,  a l t e r i n g  water qua l i t y .  

Water p o l l u t i o n  ( a s  water chemistry)  i s  a  l i m i t i n g  f a c t o r  i f  
severe  enough t o  a f f e c t  f i s h  l i f e  o r  cause undes i rab le  a e s t h e t i c  
q u a l i t y .  

F i n a l  

Mul t ip ly  r a t i n g  assigned t o  each element by t h e  importance f a c t o r ,  
add t o t a l s ,  and d iv ide  by t o t a l  of importance f ac to r s .  

BIOLOGICAL SCORESHEET 

Stream Feature  

1 c. 

2 (Limit ing f a c t o r )  

3 

4 

5 

6 

7 (No r a t i n g )  

; = Score 

8 (Limit ing f a c t o r )  
To ta l  40 

= F i n a l  Grade 

40 y Tota l  Score 

To ta l  

The f i n a l  s t ream grade i s  based on a  s c a l e  of 1 - 10 (10 be ing  t h e  
h ighes t  p o s s i b l e  grade). A grade of l e s s  than 5 i nd i ca t e s  a  stream 
with a  l o w  b i o l o g i c a l  value. The process  i d e n t i f i e s  cha rac t e r  i s  t i c s  
by reach and by eva lua t ing  them, management needs and p o t e n t i a l  can 
be i d e n t i f i e d .  
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Use I n v e s t i g a t i o n  

lo Fi sh  Resources - Name spec i e s  and spec i fy  category.  

2. Access - This  i s  phys ica l  access  due t o  t e r r a i n ,  stream- 
bank vege ta t ion ,  aqua t i c  vege ta t ion ,  d e b r i s ,  e t c .  

3. Publ ic  Access - Ind ica t e  0 ,  1, 2, o r  3 i n  blank. 

4. Ownership - Check i f  pub l i c  ownership, e t c .  

5. and 6 .  Fish ing  Pressure  and Success - Record based on l o c a l  know- 
ledge, s p e c i a l  s t u d i e s ,  u se  evidence, and information i n  1 
through 4. 

The f i n a l  r a t i n g  ind ica t e s  va lue  of stream f i s h i n g  a rea  and is  
one of judgment made by t h e  i n v e s t i g a t o r  based on t h e  informa- 
t i o n  i n  items 1 through 6. The present  use r a t i n g  may be 
l imi t ed  by access  f a c t o r s  and a  p o t e n t i a l  u se  r a t i n g  s u b s t i t u t e d  
f o r  i t  i f  s o  desired.  

Source References 

1. Lagler ,  K a r l  F. (1952) Freshwater F ishery  Biology, William C. 
Brown Company, Dubuque , Iowa. 

2. Seehorn, Monte E. (1970) A Survey Procedure f o r  Evaluat ing Stream 
F i s h e r i e s ,  24th Annual Convention, Southern Div is ion ,  American 
F i s h e r i e s  Socie ty ,  A t l an t a ,  Georgia. 

3. Unpublished - A Guide t o  Stream Appra isa l ,  UD - RTSC, TSC Advisory 
BIOL - UD-11, 1967. 



FISH-STREAM INVESTIGATION GUIDE 
(Worksheet f o r  In-Service Use Only) 

-Watershed: Stream : 

T r i b u t a r y  t o :  Important branches o r  t r i b u -  

t a r  i e s  : 

Bio log ica l  I n v e s t i g a t i o n  
(a )  (b 

1. Designated Reaches : 
(1) From T o 
( 2 )  From T o 
(3) From To  
(4) From To  

Length (F t . )  Av.Width (Ft . )  Ac. - Area Flow 

(5) From To 
(6) From To 
Etc .  T o t a l  

2. Water Chemistry and Temperature 

Reach - Pheno ALK MO ALK T. Hardness T D S 
H 0 

Temp - 2 

Date Time A i r  Temperature Weather P -J 

Cd I 
LFl N 

1 / Constant  In te rmi t  t e n t  0 u - 
(with average depth)  

Sc" 
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5 .  Dominant vege ta t ion  within 25 f e e t  of normal water l e v e l  on each s i d e  
(Note: Iden t i fy  a l l  important types)  

Dominant 
Vegetation Types 

Reach 
3 - 4 - 

R L R L 

6 .  Water c l e a r ,  s l i g h t l y  turb id ,  o r  t u r b i d :  

1 2 3 4 5 6 7 
(Record for  other  than flood flow) 

7. Degree of s i l t a t i o n :  (S l igh t  o r  none, moderate, or  extremely heavy) 

8. Evidence of Pol lu t ion :  (Check) 
1 

a,  Sewage 
b. Animal e f f l u e n t s  
c. Indus t r i a l  wastes - 
do  E ~ o d i n g  areas  



USE INVEST IGAT ION 
Important f i s h  resources  
(Name: STK. = stocked annually; mig. = migrant (spawner); r e s .  = permanent r e s iden t  i n  reach) 

Public  f i s h i n g  i s  allowed t o  the  approximate ex t en t  of 0 = none, 1 = less than 112, 2 = more than 112, 
3 = a l l  of r e s t  

1 2 3 4 5 6 7 

Publ ic  agency has  f  Fshing ownership, easement, right-of-way on reach : 

Fishing pressure (Check) 
1 

High 

Moderate 

Low 

Fishing suacess 

Good 

F a i r  

Poor 

(Check) 
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POOR QUALITY RECOGNITION GUIDE 

Quali ty  
C la s s  NC 

Pool 

Length 

2 /  - 
Grea te r  than a. c .  w. 

Grea t e r  than a.  c. w. 

Equal t o  a. COW. 

Equal t o  a. C.W. 

Grea ter  than a. c.w. 

Grea ter  than a. c. w. 

Grea ter  than a. C.W. 

Intermediate  

Abundant 

Depth 

2 '  or  deeper 

3 '  or  deeper 

Equal t o  a. c. w. 

Less than a. c .  w. 

Less than a. c. w. 

1 / S h e l t e r  - 

3 / 
Abundant - 

4 / Exposed - 

2 '  o r  deeper 

<2 ' 
(2' 

Exposed 

51 Intermediate  - 
Abundant 

61 Shallow - 
Shallow 

Shallow 

Less than a. c. w. I Shallow Exposed 

Exposed 

Abundant 

Intermediate  

Less  than  a. c. w. 

Less  than  a. C.W. 

I /  Logs, stumps, boulders ,  and vege ta t ion  i n  o r  overhanging pool or - 
overhanging banks. 

2 1  Average channel width. - 
3 /  More than  one-half per imeter  of pool has cover. - 
4 /  Less than  one-quarter  of pool perimeter has  cover. - 
5 /  One-quarter t o  one-half per imeter  of pool has  cover. - 
61  Approximately equal  t o  average stream depth. - 

< 2 '  

2 '  o r  deeper 

I n t e ~ m e d i a t e  

Abundant 
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Hab i t a t  Requirements 

(The m a t e r i a l  below was developed t o  i l l u s t r a t e  t he  type of informa- 
t i o n  t h a t  t h e  designer  needs t o  have ava i l ab l e .  These d a t a  can be  
prepared f o r  S t a t e s  o r  Regions and then  can cover t he  app ropr i a t e  
species .  ) 

L i s t e d  below a r e  some s p e c i f i c  h a b i t a t  requirements f o r  t he  more 
common w i l d l i f e  species .  These d e s c r i p t i o n s  can be used t o  i d e n t i f y  
e x i s t i n g  h a b i t a t ,  judge q u a l i t y ,  and determine e f f e c t s  of modif ica-  
t i on .  

1. Pheasants - A favorable  land use p a t t e r n  f o r  pheasants  c o n s i s t s  
o f :  (a)  60-80 percent  i n  g r a i n  and seed crops ,  (b) 10-30 per -  
cen t  i n  g ra s ses  and legumes, ( c )  5-10 percent  i n  brush and woods, 
and (d)  3-5 percent  i n  permanently p ro t ec t ed  herbaceous weedy 
cover. 

Crop f i e l d s  t e n  ac re s  o r  more i n  s i z e ,  growing ba r l ey ,  buckwheat, 
corn,  g r a i n  sorghum, o a t s ,  proso m i l l e t ,  soybeans, o r  wheat, 
should dominate t h e  area.  A t  l e a s t  two a c r e s  of grasses  and 
legumes ( a l f a l f a ,  crownvetch, orchardgrass ,  reed canarygrass ,  
s e r i c e a  lespedeza,  smooth b r m e ,  swi tchgrass ,  o r  t imothy) per  100 
a c r e s  should be present .  Ex t r a  growth should be p re sen t  on a t  
l e a s t  two 118 ac re  p l o t s  w i th in  100 f e e t  of a vege ta t ive  change. 
It is  d e s i r a b l e  t o  have a t  l e a s t  one 1 / 2  a c r e  s t r i p  of annual 
weeds per  100 ac re s  and a t  l e a s t  1 ac re  of brushy t h i c k e t s  o r  
woods. 

2. Bobwhite Quai l  - Bobwhite u s u a l l y  t h r i v e  b e s t  where t h e r e  a r e  
numerous small  f i e l d s  of g r a i n  and seed crops,  i n t e r spe r sed  wi th  
grass land ,  weedy patches,  and brush o r  woodland areas .  They s e l -  
dom a r e  abundant i n  ex t ens ive  and continuous a reas  of cropland,  
grass land ,  o r  dense woodland. 

A t  l e a s t  one-half ac re  of g r a i n  and seed crops (corn, cowpeas, 
lespedeza,  m i l l e t )  should be p re sen t  w i th in  100 f e e t  of woody 
cover pe r  each 100 ac re s  of h a b i t a t  o r  a one-half ac re  patch of 
wi ld  herbaceous p l a n t s  (panic  g ra s s ,  ragweed, c ro ton ,  p a r t r i d g e  
pea). A combination of t h e  two i s  best .  Unmowed g ra s s  a r e a s ,  
1/10 t o  114 ac re s  near  food and cover,  provide necessary n e s t i n g  
s i t e s  f o r  a covey range. Woody cover t o t a l i n g  about 1 a c r e  per  
100 i s  necessary.  

3. Ruffed Grouse - This grouse is a b i r d  p r i m a r i l y  of woodland edges 
and openings r a t h e r  than dense woods. Hardwood t r e e s  should pre-  
dominate. Hardwood t r e e s ,  such a s  a l d e r ,  apple ,  beech, b i r c h ,  
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cherry,  mountain-ash, oaks, and poplars ,  should be wel l  d i s t r i b u t e d  
throughout t he  woodland. Openings wi th in  each 200 ac re s  of woodlands 
should occupy a t  l e a s t  1 percent  of the a r e a  and no t  exceed 15 percent .  
Such openings a r e  more va luable  i f  a v a r i e t y  of vege ta t ion ,  such a s  
perennia l  weeds, wild g r a s s ,  shrubby evergreens,  and hardwood brush,  
grow i n  them. 

4. C o t t o n t a i l s  - Indiv idua l  c o t t o n t a i l  r a b b i t s  u sua l ly  spend t h e i r  e n t i r e  
l i f e t i m e  i n  l e s s  than  10 ac re s  of h a b i t a t .  Therefore,  a wide v a r i e t y  
of vege ta t ion  on small-s ized a reas  is d e s i r a b l e  f o r  good h a b i t a t .  Four 
o r  f i v e  smal l  patches (one-tenth t o  one-quarter  a c r e s )  of g ra s ses  and 
legumes, wild o r  domesticated, i n  and around woody and brushy o r  c u l -  
t i v a t e d  f i e l d s ,  provide good food and cover. A t  l e a s t  50 percent  of 
any a r e a  of r a b b i t  h a b i t a t  should be i n  hardwood t r e e s  and shrubs. 

5. Woodcock - Habi t a t  f o r  woodcock may be descr ibed  a s  a mixture of g ra s s ,  
perennia l  weeds, shrubby evergreens,  and brushy t h i c k e t s ,  gene ra l ly  
occurr ing  on moist  s o i l s  having f a i r l y  h igh  f e r t i l i t y  and cons iderable  
organic  ma t t e r  (condi t ion  favorable  t o  earthworm abundance). 

Brushy t h i c k e t s  should occupy 40 - 50 percent  of  the  a r ea ,  and should 
not  exceed 15 f e e t  i n  he ight .  A t  l e a s t  500 square f e e t  per  a c r e  of 
brush should be i n  g ra s s  and pe renn ia l  weeds and brush should no t  ex- 
ceed 2 f e e t  i n  he igh t  f o r  50 f e e t  around openings. Several  small  
clumps of evergreen,  shrubs near  grassy  a reas  provide nes t ing  and 
brood r e a r i n g  s i t e s .  

6 .  White- ta i led  Deer - This deer  i s  an animal of  f o r e s t  lands broken by 
small  c l e a r i n g s ,  l akes ,  swamps, crop f i e l d s ,  cut-over a r eas ,  pas tu re s ,  
hay meadows, e t c . ,  which c r e a t e  edgk or  a l low s u n l i g h t  t o  reach the  
ground s o  t h a t  shrubs and bushes w i l l  grow. Deer p r e f e r  open f o r e s t  
which provides p l e n t i f u l  understory vegeta t ion .  

One 5-acre opening per  each 200 acres  of woodland provides grasses  
and legumes f o r  summer and s p r i n g  food. In add i t i on ,  one 5- t o  20- 
ac re  opening per  each 200 ac re s  of growing woodlands, shrubs,  and 
v ines  i nc reases  t he  food supply. 

Tree S q u i r r e l s  - The fox  s q u i r r e l  i s  l a r g e l y  an inhab i t an t  of mature,  
somewhat open, hardwood f o r e s t s  and woodlots. The gray s q u i r r e l  l i v e s  
p r imar i ly  i n  l a r g e  unbroken bottomland hardwood f o r e s t s .  The ranges 
overlap considerably,  b u t  normally one spec i e s  predominates. Both 
spec ies  occupy two types of n e s t s  - den and l e a f .  Den t r e e s  provide 
the  b e s t  p ro tec t ion .  Two o r  t h r e e  good den t r e e s  per  ac re  a r e  d e s i r -  
ab le .  Nuts and acorns a r e  s t a p l e  foods; seed,  buds, and f r u i t s  a l s o  
a r e  eaten.  Each animal r e q u i r e s  about a pound and a h a l f  of food 
per  week. Nut-bearing t r e e s  should be wel l  d i s t r i b u t e d  throughout 
woodland, a t  l e a s t  two per  acre .  

8. Non-Game Land Birds - Non-game b i r d s  inc lude  a g r e a t  v a r i e t y  of spec i e s  

which a r e  found i n  nea r ly  every  kind of v e g e t a t i v e  community. These 
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spec ies  e a t  a l l  kinds of foods, have many adapta t ions  f o r  nes t ing ,  
feeding,  escape ,  migrat ion,  e t c .  Therefore,  a v a r i e t y  of h a b i t a t s  
w i l l  support  a v a r i e t y  of species .  A s  a r u l e ,  t h e  g r e a t e r  t h e  
v a r i e t y  of p l a n t  forms on a given t r a c t  of l and ,  t h e  l a r g e r  t h e  
number of b i r d  spec ies  and the  more the  ind iv idua ls .  Such a reas  
may be grassy  a r e a s ,  g ra in  and seed c r o p f i e l d s ,  weedy spots ,  
brush a r e a s ,  and woodlands. They a l s o  may be lawns, pas tu re s ,  
meadows, fencerows, small  woodlots,  barnyards,  pond edges, e t c .  

9. Waterfowl and Other Wetland Birds and Muskrats 

a. Ducks (mallard, p i n t a i l ,  black duck, t e a l ,  wood duck): 
Ducks r e q u i r e  s eve ra l  d i f f e r e n t  vege ta t ive  types and water 
condi t ions  fo r  nes t ing ,  r e a r i n g  broods, a d u l t  moult ,  and 
feeding:  

Court ing,  p a i r i n y ,  and mating (mid-winter and e a r l y  sp r ing ,  
before  nes t ing  a c t i v i t i e s )  r e q u i r e  l i t t l e  o r  no vege ta t ive  
cover ,  a s  t hese  a c t i v i t i e s  gene ra l ly  a r e  performed on 
small  open-water a r e a s  with ba re  sho re l ines .  Mating 
h a b i t a t  u sua l ly  i s  one or  s e v e r a l  smal l ,  shal low,  open- 
water ponds. 

Nes t ing  (March t o  May). Mallards,  t e a l ,  and black ducks 
n e s t  on the  ground, u sua l ly  w i t h i n  150 yards of water ,  
bu t  sometimes f a r t h e r  away i n  medium-height vege ta t ion ,  
such a s  a l f a l f a ,  red top ,  and o the r  grasses  a s  we l l  a s  
emergent type wetland g ra s ses ,  sedges,  and rushes.  Wood 
ducks n e s t  i n  t r e e s  along water o r  waterways where they 
p r e f e r  a hollow o r  n a t u r a l  c a v i t y  i n  t he  trunk. 

Rearing the  broods (May t o  e a r l y  September). Immediately 
a f t e r  t he  young a r e  hatched,  t he  hen leads  them from the  
n e s t  To a water a r e a  s e v e r a l  f e e t  deep, surrounded by or 
i n t e r spe r sed  with marsh p l a n t s ,  such a s  bul rushes ,  sedges, 
c a t t a i l s ,  and o the r  a q u a t i c  p l an t s .  Wood ducks d e s i r e  
woody cover along streams o r  ponds. 

Loafing. Ducks spend a g r e a t  dea l  of t h e i r  time l o a f i n g ,  
sunning, o r  preening themselves on mud f l a t s ,  k n o l l s ,  o r  
small  i s lands .  Wood ducks commonly perch i n  t r ee s .  

Feeding. Black ducks, mal la rds ,  t e a l ,  and wood ducks feed 
pr imar i ly  on p l a n t  seeds. They occas iona l ly  take s n a i l s ,  
i n s e c t s ,  and herbaceous vegeta t ion .  Important p l a n t s  a r e  
corn,  buckwheat, sorghum, ba r l ey ,  pondweeds, w i l d r i c e ,  
m i l l e t s ,  bu l rushes ,  smartweeds, naiad,  and white  and p in  
oak acorns.  Water, of course,  i s  an e s s e n t i a l  element 
of the  h a b i t a t .  

Swamp or  marsh a r e a s ,  1 ac re  and l a r g e r ,  a r e  more valuable .  
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The following water condi t ions  a r e  d e s i r a b l e  on feeding  a 
and brood r e a r i n g  a r e a s :  A t  l e a s t  50 percent  of the  a r ea  
wi th  water l e s s  than  3 f e e t  deep; small  (500-2,000 square 
f e e t )  open-water a r eas  s c a t t e r e d  throughout,  about 5 per  
ac re .  

'\ 

b. Muskrats 

Muskrats a r e  semi-aquatic and need water t o  l i ve .  The en t rance  
t o  muskrat houses (o r  dens) i s  normally 4 t o  16 inches beneath 
the  water  l eve l .  Muskrats use open water f o r  t r a v e l ,  and t h e i r  
d i e t  i s  composed c h i e f l y  of leaves and r o o t s  of emergent and 
a q u a t i c  vege ta t ion .  

c. Wading Birds - Considerat ion i s  given he re  t o  four  f ami l i e s  of 
b i r d s  : 
Ardeidae (Herons and B i t t e r n s )  ; Ciconiidae (Storks and Wood 
I b i s e s )  ; Threskiorn i th  idae ( ' Ibises  and Spoonbil ls)  ; and Gruidae 
(Cranes).  

Obviously, many spec ies  of w i l d l i f e ,  such a s  o ther  water b i r d s  - -  
amphibians, r e p t i l e s ,  f i s h e s ,  and some mammals, p a r t i c u l a r l y  the  
marsh and swamp dwellers  -- b e n e f i t  from management of wading 
b i r d  h a b i t a t .  

The wading b i r d  group feeds l a r g e l y  on small  aqua t i c  l i f e  found 
along edges and i n  ex t ens ive  shallows of l akes  and swampy areas .  
A l l  k inds  of small  f i s h ,  both game and rough f i s h ,  have been 
found i n  food h a b i t a t  s tud ie s .  Salamanders, f rogs ,  and a q u a t i c  
i n s e c t s  make up a p a r t  of the  d i e t .  Sluggish swimmers and pro- 
l i f i c  producers ,  such a s  gambusia ( t op  minnows), make good food 
sources.  

Herons and t h e  l i k e  u s u a l l y  n e s t  i n  groups of a few t o  s e v e r a l  
hundred o r  more. These rooke r i e s  may have s e v e r a l  spec ies  n e s t -  
ing i n  one t r e e ,  The n e s t i n g  b i r d s  p r e f e r  t o  b u i l d  over water 
s e v e r a l  f e e t  deep. Cypress swamps with enough underbrush, such 
a s  buttonbush, make d e s i r e d  n e s t i n g  s i t e s .  

It i s  gene ra l ly  be l ieved  t h a t  water f l u c t u a t i o n  plays an .impor- 
t a n t  r o l e  i n  nes t ing  behavior.  P l e n t i f u l  water supply i n  e a r l y  
s p r i n g  apparent ly  s t imu la t e s  breeding. Low water l e v e l s  con- 
c e n t r a t i n g  t h e  food source 4 t o  6 weeks l a t e r  provide good 
feeding  condi t ions  when t h e  young a r e  i n  the  nes t .  
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